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1.1. The urban heat island effect 
8+,LVGHILQHGDVWKHGLIIHUHQFHLQXUEDQWHPSHUDWXUHVDQGWKHWHPSHUDWXUHLQWKHVXEXUEVRUQRQXUEDQSRFNHWV
HPEHGGHG LQ EXLOWXS DUHDV 7KHXUEDQ DUHD LV REVHUYHG WR EHZDUPHUZLWK ORZHU UHODWLYH KXPLGLW\ DQGZLQG
YHORFLWLHV +LJKGHQVLW\ XUEDQ GHYHORSPHQW DQG SDXFLW\ RI XUEDQ YHJHWDWLRQ FRXOG IXUWKHU DJJUDYDWH WKH 8+,
HIIHFW

'DUNEXLOGLQJDQGSDYLQJ VXUIDFHVKDYH VWURQJHU WKHUPDO DGPLWWDQFH LH KHDW DEVRUEDQFH FDSDELOLWLHV WKDQ
OLJKWHUWRQHGFRXQWHUSDUWV)XUWKHUPRUHSRSXODUFRQVWUXFWLRQPDWHULDOVVXFKDVDVSKDOWFRQFUHWHDQGJODVVDEVRUEV
ODUJHDPRXQWVRIKHDWIURPVRODUUDGLDWLRQDQGWKHVWRUHGKHDWLVUHDGLO\WUDQVPLWWHGWRWKHVXUURXQGLQJVPDLQO\E\
FRQYHFWLRQ DQG ORQJZDYH UDGLDWLRQ ([WHQVLYH FRYHUDJH E\ DUWLILFLDO LPSHUPHDEOH PDWHULDOV DQG PHDJHU
SUHVHQFHRIYHJHWDWLRQFKDUDFWHUL]HWKHW\SLFDOFRPSDFWXUEDQIRUPLQFRPSDULVRQWRWKHVXUURXQGLQJFRXQWU\VLGH
2Q WRS RI LQFRPLQJ VRODU UDGLDWLRQ LQ WKH IRUP RI VKRUWZDYH UDGLDWLRQ KHDW DQG KHDWUHWDLQLQJ SROOXWDQWV DUH
UHOHDVHG DV D UHVXOW RI LQWHQVH KXPDQ DFWLYLWLHV DQG VRDULQJ HQHUJ\ XVH OHYHOV HJ WUDIILF DQG EXLOGLQJV
)XUWKHUPRUHGHQVHKLJKULVHEXLOGLQJVREVWUXFWKHDWGLVVLSDWLRQE\DLUIORZDQGFRQILQHWKHUHIOHFWLRQRIVKRUWZDYH
UDGLDWLRQEDFNLQWRWKHDWPRVSKHUH





WURSLFDO F\FORQHV DUH PRVW FRPPRQ LQ -XO\ DQG 6HSWHPEHU ZKLOH WKXQGHUVWRUPV DUH IUHTXHQW IURP $SULO WR
6HSWHPEHU

+RQJ .RQJ KDV EHHQ DIIHFWHG E\ FOLPDWH FKDQJH EULQJLQJ LQFUHDVLQJO\ ZDUPHU ZHDWKHU RYHU WKH \HDUV ,Q
FRQMXQFWLRQZLWKXUEDQL]DWLRQRYHUWKHODVWFHQWXU\WKHQXPEHURIKRWGD\V&LQ+RQJ.RQJKDVLQFUHDVHG
ZKLOH WKHFRROGD\V &GHFUHDVHGDQGDOO IRXU VHDVRQV HVSHFLDOO\ VSULQJDQGZLQWHUGLVSOD\HGZDUPLQJ
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WKHQXPEHURIKRW QLJKWV LH GDLO\PD[LPXP WHPSHUDWXUH&ZLWKKRWQLJKWV UHFRUGHG LQZKHQ
FRPSDUHGWRWKHDYHUDJHRI&UHFRUGHGIRUWKH\HDUSHULRGEHIRUH

1.3. The PCI effect and vegetative cooling 
7KHUHLVDGLYHUVHEDFNJURXQGRIVFLHQWLILFOLWHUDWXUHRQWKHDOOHYLDWLRQRIWKHXUEDQKHDWLVODQG,QXUEDQDUHDV
YHJHWDWHGSDUNVDUHXVXDOO\WKHFRROHVWSODFHVLQGD\WLPHHVSHFLDOO\LQDUHDVDIIHFWHGE\WKH8+,HIIHFWZKLFKLV
PRVW SURPLQHQW RQ FOHDU DQG FDOPZHDWKHU UHJDUGOHVV RI WKH WLPH RI GD\ ,Q WKHVH FLUFXPVWDQFHV D SDUN KRVWV
FRROHU WHPSHUDWXUHV DQG DUH UHIHUUHG WR DV D µSDUN FRRO LVODQG¶ 3&,  LQ FRPSDULVRQ ZLWK WKH KHDWHG XUEDQ
VXUURXQGLQJV 6RPH VWXGLHV IRFXV RQ WKH IRUPDWLRQ VWUHQJWK DQG H[WHQW RI WKH 3&, HIIHFW XVLQJ UHPRWH VHQVLQJ
WHFKQLTXHV IRUFLWLHV VXFKDV7DLSHLDQG6KDQJKDL0DQ\VWXGLHVDOVRPDGHXVHRI ILHOGH[SHULPHQWV WRFROOHFW
GDWDRQ3&,SHUIRUPDQFHLQDQXUEDQVHWWLQJ2WKHUVLQYHVWLJDWHGZKHWKHUSDUNVL]HDQGVKDSHKDYHDQHIIHFWRQ







SURYLGHV DQRWKHU SRVLWLYH ERRVW IRU FRROLQJ )XUWKHUPRUH LW ZDV IRXQG WKDW D VWUHHW ZLWK VLGHZDON WUHHV ZKLFK
SURYLGHGDPSOHVKDGHDQGHYDSRWUDQVSLUDWLRQWKDQVWUHHWVZLWKRXWDQGPRGHOLQJRIEXLOGLQJVZLWKJUHHQZDOOVDQG
URRIVVKRZHGDSRVVLEOHPD[LPXPUHGXFWLRQRI&LQWKHODWHVXPPHUDIWHUQRRQVLQ+RQJ.RQJ
1.4. Significance of the study 
0DNLQJ XVH RI YDULRXV YHJHWDWLRQ VHWWLQJV LQ D+RQJ.RQJ SHULXUEDQ JROI FRXUVH WKLVPLFURFOLPDWLF VWXG\
LQYHVWLJDWHVWKHGLIIHUHQWLDOFRROLQJHIIHFWRIDURXJKJUDVVDUHDDQGDZRRGODQGVWULS$FRQWUROVLWHLVVHWXSDWD












2.1. Study area – the Hong Kong Golf Club 
$Q H[DPSOH RI RSHQ JUHHQ DUHD ZLWK PDLQO\ JUDVV FRYHU ZLWK GLVFRQWLQXRXV WUHH FDQRSLHV JROI FRXUVHV DUH
SRWHQWLDO3&,V LQDKHDWHGXUEDQ IDEULF/RFDWHG LQ)DQOLQJRI WKH+RQJ.RQJ1HZ7HUULWRULHV WKH+RQJ.RQJ
*ROI&OXE +.*& LV LQDQDUHDRI ORZEXLOGLQJGHQVLW\7KH+.*&LVDZHOOYHJHWDWHGVLWHRIKHFWDUHVRI
ZKLFK RYHU  DUH IRUHVWV LW LV ERUGHUHG E\ D OLQH RI WUHHVZLWKLQ IHQFLQJ WKDW FUHDWHV D EXIIHUZLWK WKH XUEDQ
FRQGLWLRQV LH PDLQ URDGV DURXQG WKH DUHD )XUWKHUPRUH RQO\ D FRQWUROOHG QXPEHU RI HOHFWULFDO JROI FDUWV DUH
DOORZHG WR RSHUDWHZLWKLQ WKH+.*&DUHDPLQLPL]LQJ WKH HIIHFW RI DQWKURSRJHQLF KHDW HJ YHKLFOH H[KDXVW DLU
FRQGLWLRQHUVRQPHDVXUHPHQWSORWVDQGDOORZLQJWKHDQDO\VLVWRIRFXVRQYHJHWDWLRQVWUHQJWKVDQGFKDUDFWHULVWLFV

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2.2. Research design and data collection 















$OO FRQWURO DQG WUHDWPHQW SORWV ZHUH ILWWHG ZLWK WKH VDPH VHW RI HTXLSPHQW ZKLFK UHFRUGHG WKH IROORZLQJ
PLFURFOLPDWLF GDWD L DLU WHPSHUDWXUH DW  FP LL UHODWLYH KXPLGLW\ DW  FP LLL ZLQG VSHHG LY ZLQG
GLUHFWLRQ YZHWEXOE WHPSHUDWXUH YLEODFNJOREH WHPSHUDWXUHDQG YLL LQFRPLQJDQGRXWJRLQJUDGLDWLRQ'DWD
ORJJHUV DUH SURJUDPPHG WR UHFRUG GDWD DW PLQXWH LQWHUYDOV DQG DUH FRQQHFWHG WR D SKRWRYROWDLF SDQHO RU D
UHFKDUJHDEOHEDWWHU\

6HWWLQJ XS RIPRQLWRULQJ HTXLSPHQW EHJXQ HDUO\0D\  SLORW WHVWLQJ RI WKH HTXLSPHQW IROORZHG DQGZDV
FRPSOHWHG ZLWKLQ WKH PRQWK 'DWD FROOHFWLRQ RIILFLDOO\ EHJDQ RQ  -XQH  'DWD FROOHFWLRQ IRU WKH VWXG\ LV
SODQQHGIRU-XQHWR$XJXVWFRYHULQJWKHHQWLUHVXPPHUZKLFKEULQJVKRWDQGKXPLGZHDWKHUFRQGLWLRQVWRWKH
FLW\ ,W LV H[SHFWHG WKDW PLFURFOLPDWLF GDWD RI VXQQ\ FORXG\ DQG UDLQ\ GD\V ZLOO EH FROOHFWHG IRU HDFK W\SH RI



















+.2QHDUE\6KHXQJ6KXLZHDWKHU VWDWLRQZLWK WKHGDLO\PD[LPXP WHPSHUDWXUHRI&7KH WKUHVKROG IRU
GDWD FROOHFWLRQ WR TXDOLI\ DV D µUDLQ\¶ RQH LV UDLQIDOO RI !PP WKLVZDV RQO\PHW DW WKUHH LQFLGHQFHV RI GDWD
ORJJLQJGXULQJWKHZKROHPRQWKDQGLVLQVXIILFLHQWIRUPHDQLQJIXOUHVXOWV,WLVSURMHFWHGWKDWUDLQVZLOODSSURDFKWKH
WHUULWRU\ LQ -XO\ DQG$XJXVW DV D UHVXOW RI WKH VXPPHUPRQVRRQDQG W\SKRRQVZKLFKRULJLQDWH IURPVRXWKHDVWRI
+RQJ.RQJ








3.2. Overview of daily meteorological observations on selected days 
7KHGD\VRIDQG-XQHDUHVHOHFWHGIRUDQDO\VLVGXHWRWKHUHFRUGRIUHSUHVHQWDWLYHO\KLJKWHPSHUDWXUHV
DQG IXOILOOPHQW RI WKH UHTXLUHPHQWV RI D µVXQQ\GD\¶$LU WHPSHUDWXUHPHDVXUHPHQWV DW P LQGLFDWHG WKDW WKH
DYHUDJHGDLO\WHPSHUDWXUHRIWKHWZRGD\VZDV&DWWKHFRQWUROVLWHWKLVZDVKLJKHUWKDQERWKWHPSHUDWXUHVDW
WKH URXJK JUDVV DUHD & DQG ZRRGODQG VWULS & 7KHPHDQ UHODWLYH KXPLGLW\ DW WKH FRQWURO VLWH ZDV
ZKHUHDV WKH URXJKJUDVV DUHDDQGZRRGODQG VWULSZHUHPRUHKXPLGDWDQGUHVSHFWLYHO\$OO
WKUHHVLWHVKDGDZLQGVSHHGUDQJLQJIURPWRPV
3.3. Detailed observations of selected dates 
)RUERWKGD\VRIDQG-XQHUHFRUGVRILQFRPLQJVRODUUDGLDWLRQDWWKHFRQWUROVLWHLQGLFDWHGWKDWVXQULVH
DQGVXQVHWRFFXUUHGDURXQGDQG,QJHQHUDOGDLO\PLQLPXPVRUUHODWLYHO\ORZWHPSHUDWXUHVDUHIRXQG
EHIRUHVXQULVHDIWHUD ORQJQLJKWRIFRROLQJDQG WKHKHDWFROOHFWHGIURPWKHSUHYLRXVGD\KDVGLVVLSDWHG WRD ODUJH








)RU DOO SORWVRQERWKGD\V GDLO\PD[LPXPVZHUH UHFRUGHGEHWZHHQ WR  DQGKLJKHVW UHFRUGVZHUH
IRXQGDW WKHFRQWUROSORW -XQH&-XQH& 7KHZRRGODQGSORWZDVFRROHVWZLWKPD[LPXPVRI
&-XQHDQG&-XQH'LXUQDOWHPSHUDWXUHUDQJHVIRUWKHSORWVVSDQQHGIURP&WR&ZLWK
ODUJHU UDQJHV IRXQG RQ -XQH7KH URXJK JUDVV DUHD KDG WKH ODUJHVW GLXUQDO UDQJH & RQ -XQHZKLOH WKH
ODUJHVWUDQJHRQ-XQHZDVIRXQGDWFRQWURO&7KHDPRXQWRIGDLO\DYHUDJHLQFRPLQJVRODUUDGLDWLRQ













$YHUDJHWHPSHUDWXUH&       
$YHUDJHUHODWLYHKXPLGLW\       
$YHUDJHZLQGVSHHGPV       
$YHUDJHLQFRPLQJVRODUUDGLDWLRQ:P       
0LQLPXPWHPSHUDWXUH&       
5HFRUGLQJWLPH      
0D[LPXPWHPSHUDWXUH&       
5HFRUGLQJWLPH       





SHDN WLPHV7KH\PD\EHH[SODLQHGE\D WKLFNRYHUFDVW WKDW UHGXFHG VRODU UDGLDWLRQDW WKHFRQWURO DQGJUDVV VLWHV
IURPRYHU:PWREHORZ:PDQGDGHFUHDVHIURPDURXQG:PWR:PDWWKHZRRGODQGVLWH
6HFRQG WKH VKDUS GURS RI WHPSHUDWXUH DW WKH JUDVV VLWH UHFRUGHG DW  E\ & WKHUH ZDV D VLPXOWDQHRXV
LQFUHDVHLQWKHDPRXQWRIRXWJRLQJVRODUUDGLDWLRQIURP:PWR:PDQG:P,WLV






D -XQH E -XQH

3.4. Temperature difference between vegetated plots and control 
7KHSDUNFRROLQJHIIHFWUHIOHFWVWKHGLIIHUHQFHEHWZHHQYHJHWDWHGSORWVDQGWKDWRIWKHFRQWUROZKLFKPLPLFVWKH
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SRVLWLYH 3&, LQGH[ )LJ D DQG E :KHQ FRPSDUHG WR WKH FRQWURO VLWH DV WKH EDVH FDVH WKH URXJK JUDVV DUHD
GLVSOD\HG DQ DYHUDJH GDLO\ WHPSHUDWXUH GLIIHUHQFH LH 3&, LQGH[ RI & DQG & RQ  DQG  -XQH
UHVSHFWLYHO\/DUJHUDYHUDJH3&,LQGH[HVRI&DQG&ZHUHIRXQGDWWKHZRRGODQGVWULSIRUWKHWZRGD\V











SORWV UHVSHFWLYHO\ )LJ D7KHRWKHU GD\  -XQH VDZ VWURQJHVW SDUN FRROLQJ HIIHFWV DW ZLWK JUDVV DQG
ZRRGODQGSORWVGLVSOD\LQJ WHPSHUDWXUHVGLIIHUHQFHVRI &DQG&UHVSHFWLYHO\ )LJE)RUERWKGD\V
WKH3&,DWWKHURXJKJUDVVDUHDZDVZHDNHVWLQWKHPRUQLQJEHIRUH±WHPSHUDWXUHVWKHUHZHUH&
















3(7& +HDWVWUHVVOHYHO 7KHUPDOSHUFHSWLRQ 
± 1RQH[LVWHQW &RPIRUWDEOH 
!± 6OLJKWKHDWVWUHVV 6OLJKWO\ZDUP 
!± 0RGHUDWHKHDWVWUHVV :DUP 
!± 6WURQJKHDWVWUHVV +RW 































































VWDQGDUGV 7KH VN\YLHZ IDFWRU 69) ZDV FDOFXODWHG E\ Rayman IURP ILVKH\H SKRWRV WDNHQ ZLWK D 6,*0$
FLUFXODUILVKH\HOHQVPPDWDKHLJKWRIFP3URGXFHGLQ-XQHWKHSKRWRVDFFXUDWHO\SRUWUD\WKH
RYHUKHDGYHJHWDWLRQGXULQJ WKH LQYHVWLJDWHGSHULRG7KH69)RI WKHFRQWUROJUDVV DQGZRRGODQGSORWV DUH
DQGUHVSHFWLYHO\WKHEDUUHQURRIWRSDVFRQWUROLVPRVWH[SRVHGZKLOHWKHZRRGODQGVWULSLVPRVWVKDGHG





LOOXVWUDWHG FDVHV YHJHWDWLRQ LQ WKH WZR WUHDWPHQW SORWZDV DEOH WR ORZHU WKH KHDW VWUHVV OHYHO E\ RQH LQGH[ZKHQ
FRPSDUHGWRFRQWURO(YHQLQWKHFDVHRIDZHDN3&,-XQH WKHZRRGODQGVWULSZRXOGGHOLYHUD&















3&,      
0HDQUDGLDQWWHPSHUDWXUH      
3(7RIVWDQGLQJSHUVRQ      
+HDWVWUHVVOHYHO 6WURQJ 0RGHUDWH 0RGHUDWH ([WUHPH 6WURQJ 6WURQJ
3(7GLIIHUHQFHWRFRQWURO       
3(7RIZDONLQJSHUVRQ      
+HDWVWUHVVOHYHO 6WURQJ 0RGHUDWH 0RGHUDWH ([WUHPH 6WURQJ 6WURQJ
3(7GLIIHUHQFHWRFRQWURO       
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